Maternal mortality is one of the major challenges to health systems in sub Saharan Africa. This paper estimates the lifetime risk of maternal death and maternal mortality ratio (MMR) in four states of Northern Nigeria. Data from a household survey conducted in 2011 were utilized by applying the "sisterhood method" for estimating maternal mortality. Female respondents (15-49 years) were interviewed thereby creating a retrospective cohort of their sisters who reached the reproductive age of 15 years. A total of 3,080 respondents reported 7,731 maternal sisters of which 593 were reported dead and 298 of those dead were maternal-related deaths. This corresponded to a lifetime risk of maternal death of 9% (referring to a period about 10.5 years prior to the survey) and an MMR of 1,271 maternal deaths per 100,000 live births; 95% CI was 1,152-1,445 maternal deaths per 100,000 live births. The study calls for improvement of the health system focusing on strategies that will accelerate reduction in MMR such as availability of skilled birth attendants, access to emergency obstetrics care, promotion of facility delivery, availability of antenatal care, and family planning. An accelerated reduction in MMR in the region will contribute towards the attainment of the Millennium Development Goal of maternal mortality reduction in Nigeria.
Introduction
Maternal mortality is one of the major challenges to health systems in the world and sub Saharan Africa in particular [1] . In order to encourage the international community to address this challenge, maternal mortality reduction was included as one of the Millennium Development Goals, MDG 5. The target of MDG 5 is to reduce maternal mortality ratio (MMR) by 75%, from 1990 to 2015 [2] .
Although several studies [3, 4] have highlighted the slow progress in reducing maternal mortality, global reduction in maternal deaths with variations across countries has been reported elsewhere [1] . Global maternal deaths reduced by 35% from 526,300 in 1980 to 342,900 in 2010. In Nigeria, the MMR in 2008 was reported to be 608 deaths per 100,000 live births (95% confidence interval (CI): 372-946). This was an increase from an MMR of 473 (95% CI: 306-703) in 1990 [1] . Despite challenges of measuring maternal mortality, the need for monitoring of maternal mortality is a priority for many countries including Nigeria. Estimates of maternal mortality are indispensable for planning and monitoring the outcomes or impact of interventions. Recently, Nigeria expressed reservations about accuracy and methods used to obtain figures quoted and the bases for such estimates [5] .
A number of countries have strengthened their efforts to improve the quality of information about maternal mortality such as incorporation of sibling history modules in largescale household surveys, whether recent deaths in censuses were related to pregnancies, and the use of record linkage or confidential inquiry to identify under-registration of (maternal) deaths in vital registration systems [6] . Despite these efforts, vital registration is virtually nonexistent in Nigeria.
Existing efforts to study maternal mortality in sub Saharan Africa are often met with key challenges: large sample sizes are required for these rare events, majority of maternal deaths occur at home, and follow-up studies take time. The "sisterhood method" for estimating MMR is an ideal method in such settings since it requires fewer respondents than vital registration and cohort studies. Data collection procedures for this method are retrospective (a period of about 10-12 years before the survey), simple, quick, and based on information about maternal deaths among sisters of the respondents [7] . Nevertheless, this method is not used to measure progress towards safe motherhood in the short term nor evaluate program impact [8] . Another disadvantage is that it provides estimates of maternal mortality that should be seen as orders of magnitude rather than precise ratios since they can have wide CIs. The method does not provide a current estimate for the year of the survey. In general, the estimates from this method are fairly precise and the level of accuracy may be low due to the retrospective nature of the data and lack of verification of the information provided.
In this paper, we estimate the lifetime risk of maternal death and the associated MMR. This method has been used and validated elsewhere [9, 10] . Maternal and child health data were collected from women of reproductive age (15- What is the level of maternal mortality in the study area? In order to answer this question, we analyze household survey data collected by the program in 2011 by using the sisterhood method. The estimated level of maternal mortality would then be used for advocacy by drawing the attention of policymakers and other stakeholders to the problem and hope that they will deploy interventions to address the problem.
Methods

Setting.
According to the 2006 population census, Jigawa, Katsina, Yobe, and Zamfara States had an estimated population of 4.3, 5.8, 2.3, and 3.3 million people, respectively. These four states were selected for the program activities because they have generally poor maternal and child health indicators. For example, MMRs are over 1,000 deaths per 100,000 live births (significantly higher than the national average) [11] . Antenatal care services are available in selected health facilities in these states and according to the Nigerian Demographic and Health Survey of 2008, in the northern region, 59.1% of pregnant women in the five years preceding the survey had no antenatal care, and among those receiving antenatal care, only 37% received such services from a skilled provider. About nine out of 10 women (88.4%) in this region delivered at home, with infant and child mortality rates well above the national average of 75 deaths per 1,000 live births and 88 deaths per 1,000 children, respectively [12] .
The program was established in 2007-2008 with cofunding from the Department for International Development (UK) and the Norwegian Government. In each state, the program generally focuses on increasing demand for MNCH services (through community mobilization and awareness creation, among others) and strengthening the supply system (through, improving health facility staffing, drug supplies, and equipment, emergency transport scheme, among others) with an ultimate goal of ensuring that all women know maternal danger signs, deliver with skilled birth attendants, and have access to emergency care. This integrated approach complements state governments efforts towards achieving MDGs for child and maternal mortality reduction. Sisterhood questions were included in this survey to help estimate MMR and to provide evidence and validate the speculation that MMR in Northern Nigeria is more than a 1,000 deaths per 100,000 live births. The specific questions were as follows: (1) how many sisters have you ever had who reached reproductive age (15 years)? (2) how many of these sisters are alive? (3) how many of these sisters are dead? (4) how many of these sisters died during pregnancy, labor or within 42 days after the delivery? Interviewers checked that the sum of questions two and three was equal to the total in question one. Trained interviewers visited the selected women at home and administered a questionnaire, which included translation of key concepts and terms into the local languages, Hausa or Kanuri. The inclusion of the sisterhood questions in the survey was therefore not for the purposes of tracking trends or measuring the impact of the program interventions.
The fieldwork for the survey took place between July and August 2011. Respondents were interviewed using a structured questionnaire on a series of maternal and child health related questions. The inclusion criteria for reported sisters were that they were born to the same mother as the respondent and had reached reproductive age (15 years). Migration of women in the study area is insignificant, an important factor since migration can compromise the completeness of the information gathered by failing to report dead sisters who had migrated.
Analysis.
The data on sibling histories from the sisterhood questions were disaggregated into 5-year age groups. For each age group, the number of sisters exposed to the risk of maternal death and the duration of their exposure (i.e., the number of reproductive years) was calculated by multiplying the number of sisters by an age-specific adjustment. The lifetime risk (LTR) of maternal death was calculated using the total number of maternal deaths divided by the estimated total number of sisters exposed. An average estimate of total fertility rate (TFR) was obtained from the 2008 Demographic and Health Survey [12] . In 2008, the average TFR for all the states was 7.3. The formula to calculate and approximate MMR from the LTR [7] was:
. Ninety-five percent CIs for the MMR were calculated based on [13] .
Results
Studies using the sisterhood technique provide reasonable estimates if 3,000 sisters or more are studied [7] . As a result, our analyses aggregated all the women from all the states. A total of 3,080 respondents reported 7,731 maternal sisters of which 593 were reported dead and 298 of those dead were maternal-related deaths. Table 1 shows the sister's vital status, by 5-year age groups and LTR of maternal death for all the states, and estimated LTR for the entire cohort. The total LTR of maternal death was 9% (or about 1 in 11) and using 7.3 as the TFR for all the states, the average MMR in the study area was 1,271 maternal deaths per 100,000 live births, 95% CI was 1,152-1,445 maternal deaths per 100,000 live births. The LTR refers to a period about 10.5 years prior to the survey. The results in Table 1 also show a common trend of high maternal mortality in the age groups 20-24, 25-29, and 30-34 in which at least 16% of the death reported by surviving sisters was a maternal death. The LTR among the age groups is relatively stable and declining at least for the first four age groups (Table 1 ).
Discussion
Much has been speculated about the level of maternal mortality in Northern Nigeria, with MMR speculated to be in excess of 1,000 maternal deaths per 100,000 live births [11] . Our study confirmed this speculation by documenting an MMR of 1,271 maternal deaths per 100,000 live births from the four states. The MMR estimate based on respondents aged 30 years and below was very high at 1,751 maternal deaths per 100,000 live births underscoring the fact that the maternal mortality situation in the rural areas of Northern Nigeria is one of the worst worldwide, and largely due to poor health systems, low utilization of skilled antenatal care, and preference for home deliveries [14] . The MMR reported in this study is also much higher than the latest national estimate of 608 maternal deaths per 100,000 live births [1] .
This study provides very rough estimates on maternal mortality in selected states of northern Nigeria and complements some of the previous MMR figures which have generally been speculative with reference to MMR being "in excess of 1,000 deaths per 100,000 live births" [11] .
The results reported here demonstrate the grim situation experienced by rural women of northern Nigeria who are challenged with poor health infrastructure, poorly equipped health facilities, and attitudes that we think are not conducive to attaining good maternal and child health. Programs aimed at improving the infrastructure and access to health services in rural areas will probably have a great impact in improving maternal health. Innovations such as those pioneered by the program on emergency transport scheme for emergency obstetric cases as well as improving access to quality emergency obstetric care (EOC) services especially in rural areas will help to stem the high level of maternal mortality. Creating demand through community sensitization on the benefits of antenatal care, availability of emergency transport system, and EOC services will increase utilization of maternal and child health services.
The high burden of maternal death in the youngest age groups compared with the oldest age groups may be associated with low age at marriage, a typical occurrence in rural Northern Nigerian settings. Although our study could not ascertain the prevalence of low age at marriage, since age misreporting is one of the challenges experienced in the study areas and the absence of indicators to capture the age at death of the deceased, early marriages in this part have been documented elsewhere [15, 16] . This underscores the fact that interventions that delay pregnancy could be effective in minimizing LTR of maternal death.
Out-migration, which may have an effect on MMR in settings with substantial migration rate, is not likely to affect the MMR estimate reported here since observed migration patterns in the area are mostly due to marriages. Similarly, abortion-related deaths-which may have been classified as deaths due to causes unrelated to pregnancy or childbirth and thus led to underestimate of the MMR-may likely have no impact in the study area as there are no or very minimal cases of out of wedlock pregnancies or births.
This study has three key limitations. First, the study comes from selected communities in the four states and the prevailing conditions are probably fairly similar to other parts of the states. However, these results cannot be generalized to other rural areas due to disparities in health service delivery and accessibility limits. Secondly, we had no information on the residence of the sisters in the cohort and proxied it with the respondent's community. Third, despite the estimates of lifetime risk referring to a period of about 10.5 years prior to the survey and the inability of the estimation method to provide the more recent MMR for the study area, our results call for intensification of health service delivery that takes into consideration the geographical characteristics of the area such as terrain.
Conclusion
Our study from rural Northern Nigeria has shown a high level of maternal mortality with an estimated MMR of 1,271 (95% CI 1,152-1,445) maternal deaths per 100,000 live births. Despite the fact that these estimates refer to a period of about 10.5 years prior to the survey and the inability of the study to provide more recent estimates of MMR, we hope that the government's as well as other local and international partners' focus on EOC services will hopefully improve the lives of mothers. Further improvement of the health system with emphasis on interventions that will accelerate reduction of MMR such as availability of skilled birth attendants, promotion of facility delivery, availability of antenatal care in all facilities, antenatal care attendance, implementation of the emergency transport scheme in hard-to-reach rural areas, and family planning will help in accelerating attainment of MDG 5.
